Hand hygiene is considered the most important measure to reduce the transmission of nosocomial pathogens in healthcare settings. As recently reviewed by Larson in a comprehensive article, 1 seven quasi-experimental hospitalbased studies of the impact of hand hygiene on the risk of nosocomial infection have been published between 1977 and 1995. [2] [3] [4] [5] [6] [7] [8] Despite study limitations, most reports showed a temporal relation between improved hand-hygiene practices and reduced infection rates. Similarly, the beneficial effects of hand-hygiene promotion on the risk of crosstransmission have been reported in surveys conducted in schools or day-care centers, [9] [10] [11] [12] as well as in a community setting. [13] [14] [15] Despite such evidence, studies in the literature have repeatedly documented that the importance of this simple procedure is not sufficiently recognized by healthcare workers (HCWs), 16 and compliance with recommended hand-hygiene practices is unacceptably low. 8, [16] [17] [18] [19] [20] [21] This article reviews factors that may explain the lack of adherence by HCWs to hand-hygiene procedures and suggests strategies for promotion in hospitals.
DEFINITIONS
Three groups of microorganisms may be distinguished on the skin: organisms that reside on the skin (resident flora), those that happen to be there as contaminants (transient flora), and pathogens responsible for infections, such as paronychia or panaritium digiti (infectious flora). Unless introduced into body tissue by trauma or in conjunction together with foreign bodies, such as intravenous catheters, the pathogenic potential of the resident flora is usually regarded as low. 22 In contrast to natural resident flora, transient flora are responsible for most nosocomially acquired infections resulting from cross-transmission, but are easily removed by hand cleansing.
Hand hygiene (not including surgical hand scrub) defines several actions designed to decrease hand colonization with transient flora and can be achieved either through hand washing or hand disinfection. Hand washing refers to the action of washing hands with an unmedicated detergent and water, or water alone, to remove dirt and loose transient flora to prevent cross-transmission. 21, 22 June 2000 antiseptic agent is added to the detergent. Hand disinfection refers to any action where an antiseptic solution is used to clean hands (either medicated soap or alcohol). Some experts may refer to the action of de-germing with detergent-based antiseptics or alcohol. 1 Hygienic hand rub consists in rubbing hands with a small quantity (2-3 mL) of a highly effective and fast-acting antiseptic agent.
Because alcohols have excellent antimicrobial activity and the most rapid action of all antiseptics, they are the preferred agents for hygienic hand rub (also called waterless hand disinfection). Of particular importance is that alcohols dry very rapidly, allowing for fast hand disinfection without the need to return to the sink constantly, to wash hands with water and soap, to dry them, and to come back to the patient bedside to resume care. Because alcohol alone does not have any lasting effect, another compound with antiseptic activity is sometimes added to the hand-disinfection solution to obtain a prolonged effect. The main antiseptics recently were reviewed extensively by Rotter.
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COMPLIANCE WITH HAND HYGIENE
Compliance with hand-hygiene recommendations usually is below 50% (Table 1) . Although opportunities for hand hygiene were not recorded in a standardized manner in these studies, it is still fair to say that compliance was almost universally low. As shown, it varied according to the hospital ward where the observation was conducted. In most surveys, compliance was observed more frequently in nurses than physicians.
BARRIERS TO APPROPRIATE HAND HYGIENE
Perceived barriers to appropriate hand hygiene have been reported by HCWs. 20, [23] [24] [25] [26] [27] [28] These include reasons as different as the following: hand hygiene agents cause skin irritation and dryness; patient needs take priority over hand hygiene; sinks are inconveniently located or not available; glove use dispenses with the need for additional hand hygiene; HCW has inadequate knowledge of guidelines or protocols for hand hygiene; there is lack of role models (superiors or peers); there is lack of recognition of the risk of cross-transmission of microbial pathogens; or simply forgetfulness. Some of these perceived barriers have been assessed or even quantified in observational studies. 16, [23] [24] [25] [26] [27] [28] [29] Skin irritation by hand-hygiene agents constitutes an important barrier to appropriate compliance. 30 The superficial skin layers contain water to keep the skin soft and pliable, and lipids to prevent dehydration of the corneocytes. Hand cleansing can increase skin pH, reduce lipid content, increase transepidermal water loss, and even increase microbial shedding. Soaps and detergents are damaging substances when applied to skin on a regular Abbreviations: HCW, healthcare worker; ICU, intensive care unit. * X refers to reasons for poor compliance with hand hygiene that have been frequently selfreported or have been observed in observational or analytical studies. † (X) refers to reasons for poor compliance with hand hygiene that have been self-reported on occasion in the "Discussion" section of a paper, but have not been confirmed in observational or analytical studies. ‡ As assessed by a high number of opportunities for hand hygiene per hour of patient care.
basis. Importantly, however, HCWs need to be informed better about the possible effects of hand-hygiene agents. Lack of knowledge and education on this topic is a key barrier to motivation. In particular, it is extremely important to recall that alcohol-based formulations for hand disinfection (whether isopropyl, ethyl, or n-propanol, in 60%-90% vol/vol) are less irritating to skin than any antiseptic or nonantiseptic detergents; alcohols, with the addition of appropriate emollients, are at least as tolerable and as efficacious as detergents; emollients may even be protective against cross-infection by keeping the resident skin flora intact; and hand lotions help to protect skin and may reduce microbial shedding. These issues recently were reviewed in detail by Elaine Larson. The need for ready access to hand-hygiene supplies, whether sink, soap, medicated detergent, or waterless alcohol-based hand-rub solution, is self-evident. Asking busy HCWs to walk away from the patient bed to reach a wash basin or to get a hand antisepsis solution invites noncompliance with hand-hygiene recommendations. Engineering controls could facilitate compliance, but careful monitoring of hand-hygiene behavior should be conducted to exclude possible negative effects of newly introduced devices. 31 Wearing of gloves might represent a barrier for compliance with hand hygiene. 32 Noncompliance has been identified among glove users in at least two studies. 19, 33 It is important to recognize that hand hygiene is required whether or not gloves are used or changed. Failure to remove gloves after patient contact or between dirty and clean body-site care on the same patient has to be regarded as noncompliance with hand-hygiene recommendations. 20 Furthermore, Doebbeling and colleagues 34 concluded from their experiment, involving conditions close to clinical practice, that it may not be prudent to wash and reuse gloves between patient contact and that hand washing or disinfection should be strongly encouraged after glove removal. The authors recovered test organisms from 4% to 100% of the gloves and observed bacterial counts between 0 and 4.7 log 10 on the hands after glove removal.
Lack of knowledge of guidelines for hand hygiene, lack of recognition of hand-hygiene opportunities during patient care, and lack of awareness of the risk of microbial cross-transmission constitute barriers to hand-hygiene compliance. Another finding was that some HCWs believed that they washed their hands when necessary, even when observations indicated that they did not. 24 Finally, some HCWs argued that the lack of scientific information of the definitive impact of improved hand hygiene on nosocomial infections rates decreases their motivation to comply with recommendations.
All of the above-described parameters need to be addressed in HCW education.
RISK FACTORS FOR NONCOMPLIANCE
Risk factors for noncompliance with hand hygiene have been determined objectively in several observational studies or interventions to improve compliance. 16, [23] [24] [25] [26] [27] [28] [29] Among them, being a physician or a nursing assistant rather than a nurse was commonly associated with reduced compliance.
In the largest survey conducted so far, 20 we also identified predictors of noncompliance with hand hygiene during routine patient care using a hospitalwide survey. Predictor variables included professional category, hospital ward, time of day or week, and type and intensity of patient care (defined as the number of opportunities for hand hygiene per hour of patient care). In 2,834 observed opportunities for hand hygiene, average compliance was 48%. In multivariate analysis, noncompliance was lowest among nurses, compared with other HCWs, and on weekends (odds ratio [ ). This study confirmed modest levels of compliance with hand hygiene in a teaching institution and showed that compliance varied by hospital ward and by type of HCW, thus suggesting that targeted educational programs might be useful. Most importantly, high demand for hand hygiene (ie, overwork) was associated with low compliance. The results of this study also suggested that full compliance with current guidelines may be unrealistic 20, 29, 35 and that facilitated access to hand hygiene could help improve compliance.
IMPROVING COMPLIANCE WITH HAND HYGIENE
Educational programs, distribution of information leaflets, workshops and lectures, automated dispensers, and performance feedback on hand-hygiene compliance rates have been associated with, at best, transient improvement in hand-hygiene rates. 2, 16, 18, 24, 36, 37 No single intervention has consistently been shown to sustain improved compliance with respect to HCWs' infection control practices. 27 The most effective strategy documented so far has been routine observation and feedback. 18, 24, 37 In 1998, Kretzer and Larson 28 revisited the major behavioral theories and their applications with regard to the health professions in an attempt to understand better how one might plan more successful interventions. They proposed a hypothetical framework to enhance hand-hygiene practices and stressed the importance of considering the complexity of individual and institutional factors when designing behavioral interventions.
Behavioral theories and secondary intervention have primarily targeted individuals. We agree with Kretzer and Larson 28 that this is insufficient to effect sustained change 28, 38, 39 and that interventions aimed at improving compliance with hand hygiene must consider the various levels of behavior interaction. 28, 29, 40 Thus, the interdependence of individual factors, environmental constraints, and the institutional climate all need to be taken into account in the strategic June 2000 planning and development of hand-hygiene promotion campaigns. 28, 29, 39 Parameters associated with noncompliance with hand-hygiene recommendations are related not only to the individual HCW but also to the group he or she is working in and, by extension, to the institution to which the latter belongs (Table 3 ). Interventions to promote hand hygiene in hospitals should consider variables at all of these levels.
The dynamics of behavioral change are complex. It involves a combination of education, motivation, and system change. The factors necessary for a change include the dissatisfaction with the current situation, the perception of alternatives, and the recognition, both at the individual and institutional level, of one's ability and potential to change. While the latter implies education and motivation, the former two necessitate primarily a system change.
Reported reasons for noncompliance include the lack of hand-hygiene promotion, active participation at the individual and institutional level, the frequent lack of a role model by senior staff, the lack of institutional priority for hand hygiene, the lack of administrative sanctions for noncompliers or the rewarding of compliers, and the lack of an institutional safety climate. The latter would involve topmanagement commitment, visible safety programs, a low level of work stress, a tolerant and supportive attitude toward reported problems, and belief in the efficacy of preventive strategies. 28, 29, 39, 41 
TOOLS FOR CHANGE
An improvement in infection control practices requires the following: questioning basic beliefs; continuous assessment of the group's (or individual's) stage of behavioral change; intervention(s) with an appropriate process of change; and supporting individual and group creativity. 28 Because of the complexity of the process of change, it is not surprising that single interventions often fail. Thus, a multimodal, multidisciplinary strategy is necessary. Table 4 proposes a framework that includes parameters to be considered for hand-hygiene promotion. Some of these are based on epidemiologically driven evidence, others on the authors' and other investigators' experiences and review of the current knowledge. Some of these parameters may be unnecessary in some circumstances, but may help in others. In particular, changing the handhygiene agent could be beneficial in institutions or hospital wards with a high work load and a high demand for hand hygiene when waterless hand rub is not available. 3, 4, 20, 42 A change in the recommended hand-hygiene agent could however be deleterious if introduced during the winter, at a time of higher skin irritability.
As explained previously, several parameters that potentially could be associated with successful promotion of hand hygiene need, or would require, a system change (Table 4) . Once again, hand-hygiene compliance does not rely on individual factors alone, and the same can be said for its promotion. Enhancing individual and institutional capabilities to organize and execute actions to reach the objective, obtaining active participation at both levels, and promoting an institutional safety climate represent major challenges that go well beyond the current perception of the infection control practitioner's common role. This, however, should not stop this effort. As a French proverb says, "Les petits ruisseaux font les grandes rivières" (great oaks from little acorns grow).
Easy access to hand hygiene in a timely fashion and the availability, free of charge, of skin-care lotion both appear to be necessary prerequisites for appropriate handhygiene behavior and are easier to obtain than major system change. In particular, in high-demand situations, such as in most critical-care units, in high-stress working conditions, and at times of overcrowding or understaffing, hand rub with an alcohol-based solution appears to be the only alternative that allows decent compliance. And last but not least (Table 4) , strategies to improve compliance with hand-hygiene practices should be multimodal and multidisciplinary. It is important to note, however, that the proposed framework needs further research before implementation.
AGENDA FOR RESEARCH
Many questions remain unanswered, and this review may bring more questions than answers to infection control practitioners. Table 5 lists some of the key questions for infection control practitioners, laboratory research scientists, and behavioral epidemiologists regarding the practices of hand hygiene in the healthcare setting today.
The challenge of hand-hygiene promotion could be summarized in one single question, "How to change HCWs' behavior?" Tools for change are known but need to be tested. Some may prove to be irrelevant in the future; others have worked in some institutions and need to be tested in others. Behavioral epidemiology is a science, and research in behavior change is a research; funding agencies must be convinced that good research needs resources, and peer-review journal editorial boards and faculty chairpersons need to reconsider their views on this matter. Our job, as infection control professionals, is to provide outstanding research and practical solutions to improve our understanding and the impact of hand-hygiene promotion, to the ultimate benefit of the patient.
TABLE 5 HAND-HYGIENE RESEARCH ISSUES
How can more definitive scientific evidence for the impact of improved compliance with hand hygiene on infection rates be generated? How much hand washing is enough? What percentage increase in hand hygiene does it take to achieve a predictable risk reduction in infection rates? Should we encourage or discourage the use of gloves? What are the key determinants of hand-hygiene behavior and promotion? Should hand disinfection replace conventional hand washing? What are the most suitable hand-hygiene agents? Should hand-hygiene solutions include a long-lasting compound? How can top-management support be obtained?
